All manipulations of air-and moisture-sensitive materials were carried out by standard Schlenk, high-vacuum, and glovebox techniques under an atmosphere of dinitrogen using oven-and flame-dried glassware. Sensitive solids were weighed out inside a dinitrogen-filled glovebox, with careful control of static electricity, directly in small polystyrene weighing boats, using a 0.2-mg accurate balance, which was calibrated daily. The solids were then carefully poured into appropriate containers and the recorded weights were adjusted by the amount remaining on the weighing boat; typically, this was only necessary for large (>200 mg) quantities being weighed out and the adjustments amounted to no more than 0.2% of the total weight. nHeptane (HPLC grade) was vacuum-transferred from a dark-purple suspension of Na/benzophenone, freeze-pump-thaw degassed four times and used in 50 mL portions. The reductant CrCp* 2 (Strem) was sublimed and used in 1g portions. All Mo
S2
compounds, {2,6-LutH}{BAr' 4 } and CrCp* 2 were stored at -25°C in the dark under an atmosphere of N 2 .
Equipment. The apparatus used in dinitrogen reduction runs ( Figure S1) consisted of a 25 mL round-bottom flask (A) attached via a size 15 O-ring joint to a × Figure S1 . The apparatus used in dinitrogen reduction runs.
pressure-equalized, magnet-driven syringe (B), and connected via another size 15 O-ring joint to a 0-4 Teflon valve, terminated with a 28/15 ball joint (C). The apparatus used for all runs under regular N 2 had a headspace volume of 68.2 mL. Kalrez O-rings, lightly greased with silicone grease, were used with the O-ring joints. Unless otherwise stated, the solution from the syringe was delivered dropwise to the center of the flask bottom S3 through a blunt 22 gauge stainless steel needle epoxied to a Cr-plated brass hub.
The magnetic syringe (B) was constructed as follows. A piece of graduated, precision-bore glass tubing, having a thermal coefficient of expansion compatible with that of Pyrex, was obtained from a commercially-available 10 mL gas-tight syringe by dissolving the brass cap in concentrated nitric acid and removing the Teflon insert. A professional glassblower extended the graduated glass barrel at the top and bottom with appropriate lengths of Pyrex glass tubing and size 15 O-ring joints. Additionally, an inner seal with a glass luer tip was incorporated into the bottom joint slightly below the zero mark of the barrel, taking great care not to affect the bore size of the graduated portion of the barrel. Constructed as such, the syringe did not have a hard stop at the zero mark and had a significant (0.1-0.9 mL) dead volume. A pressure-equalizing tube connected the compartments above and below the inner seal. The luer tip was covered with a Teflon heat-shrink for greaseless attachment of metallic needle hubs. The plunger consisted of a cylindrical magnet (NdFeB grade 35, sintered, Ni-plated, 0.5"×0.5" diameter×height, magnetized through the height), wired to a Teflon cap. The wires were placed within the outer surface of the cap, so as not to scratch the inner surface of the syringe barrel, and the sealing surface of the Teflon cap was sanded down to minimize the friction against the glass barrel, while still maintaining a liquid-tight seal. The plunger was driven from the outer syringe surface by six bar magnets (NdFeB grade 30, sintered, Ni-plated, 0.5"×0.25"×0.25" height×width×length, magnetized through the height), held together by a flexible scaffold cut out of 0.008"-thick stainless steel. The scaffold was connected by two steel rods to a flat bar that could be driven by a syringe pump. Once fully engaged with the syringe pump driver, the magnetic syringe exhibited essentially no observable drag during runs at discharge rates of up to 3.4 mL/hr. Dinitrogen Reduction Runs. a) General Procedure. In a typical run, 10.0-15.0 mg of a Mo-compound (5.84-5.90 µmol) and 48 equiv. of {2,6-LutH}{BAr' 4 } were weighed out and carefully poured into the 25 mL round-bottom flask, containing a Teflon-coated magnetic stirbar (10×3 mm length×diameter), followed by 0.6 mL of nheptane. A solution of CrCp* 2 (36 equiv. relative to Mo) in 10.0 mL of n-heptane was prepared in a separate vial and drawn into the magnetic syringe. In view of the significant dead volume present in the syringe, it was not primed, in order to maximize S4 the volume of the dischargeable solution. The syringe was attached to the flask, the apparatus was sealed at ~1 atm in a glovebox (1.002-1.012 atm) and clamped in the groove of the vertically-oriented syringe pump. A magnetic stirplate was positioned under the round-bottom flask of the apparatus at a distance of 8 mm, and the mixture in the flask was constantly agitated at the stirplate rate of 1250 rpm. The syringe was allowed to fully engage with the pump driver at the chosen discharge rate, i.e. it was allowed to run until the first 3-4 drops were discharged, after which time the syringe pump was restarted. The ambient temperature was monitored, but not controlled, The column was positioned between two three-way stainless steel ball valves, also connected together with a bypass line, and was flanked by two 50 cm lengths of 1/8" tubing coiled into condensers which were maintained at -110°C during the introduction of 15 N 2 . The CrCp* 2 solution in the apparatus was freeze-pump-thaw degassed four times S6 and a small amount of n-heptane was distilled into the main flask. The apparatus was then slowly filled with 15 N 2 , which was being passed through solid Na/benzophenone and two -110°C condensers, to 1 atm, by repeatedly adjusting the pressure inside the bridge to 1 atm and slowly opening the inlet valve of the apparatus. Using an outside magnet, the needle tip was pulled into the solution in the side flask, the CrCp* 2 solution was drawn into the syringe and the needle tip was positioned in the neck of the main flask in a way that enabled the CrCp* 2 solution to be subsequently discharged dropwise, close to the center of the flask bottom. The rest of the procedure was identical to that used in the runs under regular N 2 . analysis, within the experimental error. The sample solutions were prepared by rinsing the collection flasks with 6-7 aliquots of water into 25 mL volumetric flasks, and were analyzed within an hour of preparation.
b) Accuracy of the Method. A number of impurities are known to affect the accuracy of the indophenol method (S5). Ammonia generated in the above experiments was isolated as a mixture of NH 4 Cl with 2,6-LutHCl, which was found (S2) to have no effect on the ammonia determination when it was present in a ten-fold excess with respect to NH 4 Cl. Addition of known amounts of NH 4 Cl standard to an analyzed sample obtained from a Mo(N=NH) run, resulted in total NH 3 measurements well within 1% of the expected values. The accuracy of the method in our hands can also be judged from the fact that ammonia liberated in the quantitative displacement from {Mo(NH 3 )}{BAr' 4 } by Cl¯ amounted to 0.95(2) equiv. by the indophenol method (S2).
